Abstract: In this paper we report the effect of mechanical deformation on space charge dynamics in crosslinked polyethylene. Thin The results indicated that through deformation, molecular chains rearrange so small molecules such as crosslinking by-products, initially being trapped, can be released. Under the influence of the applied electric field they can be ionised to form heterocharge in the sample.
INTRODUCTION
Power cables are an essential part of power transmission and distribution systems and their performance is a great concern to the reliability of the systems. In addition to their requirements of electrical performance, power cables experience various mechanical stresses during their manufacture, transportation, layout and operation. This may affect the electrical performance of power cables in service. Consequently, there are considerable studies in last few decades that explore the influence of mechanical stress on the dielectric breakdown strength [1] [2] , on the propagation of electrical tree [3] of crosslinked polyethylene (XLPE) power cable insulation. Ilstead et al [1] showed that a significant reduction in ac breakdown strength occurred when XLPE cable samples were subjected to 21% strain. Our early research [3] indicated that electrical tree growing characteristics have been significantly changed when mechanical stress is introduced. However, a complete description of the phenomena is still beyond reach and more research is necessary.
In the present paper, the influence of mechanical stress on space charge formation in XLPE material is investigated. 400O strain has been adopted and space 1-4244-0750-8/07/$20.00 ©2007 IEEE. charge formation at 25 kV/mm and 50 kV/mm has been measured using the pulsed electroacoustic technique (PEA). To eliminate the effect of possible broken chains and generation of smaller molecules on space charge formation, space charge in additive-free low density polyethylene film has also been studied. A thin semiconducting film (LDPE loaded with carbon black) was attached to the top copper electrode to improve acoustic matching. A very thin layer of silicone oil was applied to the interface between electrodes and sample to achieve a better acoustic transmission. Quantitative charge analysis needs to calibrate the system and this is typically done by applying a small voltage across the sample to generate a known charge density on the two surfaces at the electrodes. The procedure is termed as calibration and more details can be found in our published work [4] . Fig. 3 shows space charge profiles after the removal of the applied voltages. The electrode polarities during stressing period are also illustrated in the figure. After 5 kV for 30 minutes, negative charge is observed in the region adjacent to the cathode while small amount negative charge is present close to the anode as well. It is believed that the negative charge close to the cathode is due to charge injection from the cathode. The applied field is around 25 kV/mm which is above the threshold field value for charge injection for XLPE [5] . The small amount negative charge close to the anode may be due to ionisation from crosslinking by-products. At 10 kV, charge distribution after the removal of the applied voltage is very different from 5 kV. Instead of negative charge, positive charge is formed adjacent to the cathode and the negative charge adjacent to the anode shows a significant increase. There is small amount of negative charge in the bulk. It seems that heterocharges formed closed to the electrodes are due to ionisation of crosslinking by-products. Under high electric field the ionisation will be more and ionised ions move towards the opposite electrodes under the influence of the applied field. The bulk negative charge is probably the result of charge injection from the electrode. Space charge in deformed XLPE Space charge profiles after the removal of the applied voltages in deformed XLPE sample is shown in Fig. 4 . AT 5kV there are negative charges formed adjacent to both electrodes. The magnitude of negative charge close to the anode is higher than that in undeformed sample while the magnitude of the negative charge close to the cathode is lower. This may indicate that more ionisable crosslinking by-products are available in the deformed sample. After the removal of 10 kV, the positive charge observed close to the cathode and the negative charge is significant. The negative charge across the bulk is due to charge injection from the cathode. 
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